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SINKING SHAFTS BY FREEZING. 

We give the following description from an interest
ing article recently published in the Annales des Mines 
by Mr. Lebreton. The method consists in solidifying 
in some degree, by freezing, that portion of the moving 
and watery earth which occupies the position of the 
projected shaft, so as to permit of excavating therein by 
hand, without having much pumping to do. To effect 
this, there is sunk into the ground a series of vertical 
tubes that traverse the watery stratum and enter the 
subjacent solid earth to a depth of from 18 to 24 inches. 
These tubes are arranged in such a way as to consti
tute a sort of polygon, that envelopes the section of the 
sbaft with sides of from half a yard to a yard in width. 
The tubes are afterward hermetically closed at the 
lower extremity, and, as shown in Figs. 1 and 2, there 
is placed in each of them a smaller tube for introduc
ing the freezing mixture. A continuous circulation is 
established by directing the liquid into the central 
tube, and afterward causing it to ascend in the annular 
space between the two tubes. The liquid becomes 
heated in its passage, at the expense of the surround
ing earth, whose caloric it absorbs, and, after a certain 
length of time (provided the difference in the tempera
tures be sufficient), brings about, around each of the 
tubes, a congelation of a certain zone that progressive
ly extends until it converts the neighboring parts of 
the earth into a mass of ice. The excavating may 
then be proceeded with without any fear of infiuxes of 
water; but it is necessary of course to take care to pre
vent the melting of the ice by keeping up a circulation 
of the cold current during operations. The liquid 
used for this purpose by Mr. Pcetsch, the inventor of 
the method, is a solution of chloride of magnesium, or 
sometimes of chloride of calcium, which is cheaper. 
The solution contains 19 per cent. of the former salt, 
and has a density of 1'17, with a specific heat of 0'9. 
Under such circumstances it solidifies at about _40°. 
The liquid is set in motion by a peculiar pump, situ
ated at the left of the mouth of the shaft, in a building 
which is partially shown in Fig. 2, and is distributed 
by a large external pipe that runs around the mouth 
and leads it to the central tubes in the direction shown 
by the arrows. It rises in the large tubes, and, on 
reMhing the surface, is led by a collecting pipe to a 
refrigerating machine, in order to be deprived of the 
heat abeorbed in traversing the earth. The closing of 
the tubes is so perfect that the loss of liquid through 
leakage is insignificant. 

The machine used for the production of cold is tha.t 
of Mr. F. Carre, which, as well known, operates 
through a utilization of the affinity of water for 
ammonia. It permits of obtaining particularly low 
temperatures of from - 25° to - 30°, that it would be 
difficult to get with other types of cold-producing 
machines. We shall not enter into the details of it, but 
shall merely say that its mean performance is about 20 
per cent. The tubes are sunk into the ground through 
vertical holes bored through the watery stratum , either 
by means of the sand pump, if the slight consistency 
of the earth permits of it, or, otherwise, by hand. 

In the application of the method shown in Fig. 2, 
the tubes rise to the surface of the earth; but if the 
watery stratum be too far from the mouth of the shaft, 
the latter may be excavated in full section down to the 
region of the water, and pipes be then inserted that 
have only sufficient length to traverse the said stratum. 
It will prove expedient, moreover, to give the upper 
part of the shaft a wide section surrounding the poly
gon of tubes, or at leaBt to widen it at the upper level 
of the latter, in order that they may be carried back 
beyond the true section of the shaft. 

The tubes used by Mr. Pcetsch are cylinders of 0'15 
in. sheet iron 8% inches in diameter. Theyaresunk 
into the earth in measure aB the excavation proceeds, 
and are then hermetically closed in order to prevent 
an outfiow of the freezing mixture. This closing, 
which has to be done from the outside, is generally 
effected through the arrangement shown in F ig. 1 
(No.1), that is, through the introduction of leaden 
plugs, which fit into a conical adjustment at the end of 
the tube, and which are then covered with a layer of 
clay or gypsum cement. After this, the small central 
tubes (which have an aperture at A, in order to allow 
the current to pass) are inserted. 

The cooling action of the liquid at every point of its 
travel in the interior of the tubes depends essentially 
upon the difference in temperature between such point 
of the ascending column and that of the earth. This 
action, moreover, varies throughout the entire length 
of the tubes, by reason of the continual exchange that 
occurs, in two contrary directions, between the sur
rounding earth and the descending column in the cen
tral tube acting as a refrigerant. This fact is ascer
tained by calcnlation, and we can likewise determine 
the conditions that are to be observed in order to ob
tain a minimum of temperature at the bottom of the 
tubes, and which permit of securing at this point the 
widest zone of cold. The frozen region then has the 
appearance of a surface revolving around the axis of 
the tube whose meridian is a logarithmic curve that 
tends to approach the tube at the surface of the earth, 
according to the outline shown in Fig. 1 (No. 2). Be-

fore beginning the excavation, i t  is necessary to wait I Konigs Wusterhausen mine, near Berlin. the arrange
in all cases until the zones of ice thus formed around ment (Fig. 2) comprised 16 tubes, 9;!4' feet in length, 314 
each tube have sufficiently extended to join one another feet distant from axis to axis, and placed at 20 inches 
and form a continuous barrier that intercepts all com- from the edge of the shaft. This latter had a rectan· 
munication with the external water. gular section of 6%X13 feet. The congelation lasted 

In the first application that he made of his method, 50 days, and the block of ice obtained extended, at the 
Mr. Pcetsch effected a complete congelation of the surface, to five feet back of the tubes. The volume of 
entire region of earth included within the polygon of water forced into the tubes by the pump amounted 
tubes, and converted it into a compact mass, wherein to 70 gallons per minute, representing 35'32 cubic feet 
excavating was performed without any pumping hav- per tube and per hour. The total cost of the freezing, 
ing to be done; but he now prefert! to begin the ex- properly so called, was about forty-six dollars per foot, 

to which must be added the cost of excavating, say 
about three hundred dollars, as well as the amortize-

2 ment of the plant, which carried the total cost up to 

Fig. I.-TO PCETSCH METHOD OF SINKING SHAFTS. 

cavating as soon as he is able to close the ice barrier, 
without extending the freezing farther. He thus 
diminishes, in fact, the time that it takes to effect the 
freezing, and even that which it takes to do the 
excavating, since the latter operation is executed under 
much easier and cheaper conditions in earth without 
consistency than in ice; and it may even be estimated 
that the progress is thus quadrupled. The pumping, 
which is confined to the small quantity of water con
tained within the column of ice, amounts to little, and 
does not interfere with operations. The excavating, 
properly so called, presents, as a general thing, no 
special difficulty resulting from the low temperature; 

about one hundred and fifty-three dollars per foot. 
These figures might doubtless have been sensibly re
duced, as Mr. Lebreton remarks, for it is found by cal
culation that the tubes might have been spaced 5 feet 
apart, so as to diminish their number, and prevent 
congelation within the section of the shaft. 

It must be observed that the cost above indicated 
dUJers but little from that which would follow an 
application of the ordinary methods to earth of aver
age consistency, but is much less than it would be in 
an application of such methods to shifting and water 
earth. This method, then, appears to be peculiarly 
well adapted for the excavating of such soils, so long 
as the stratum is not too thick, and there is reason to 
believe that it will receive numerous applications in 
the future, not only for sinking mine shafts, but also 
for founding bridge piers, and perhaps even for driving 
oblique or horizontal galleries.-La Natu1·e. 

.. I., .. 

Ink Cor Type Writer Ribbon •• 

Black Reco1'd Ink.-Take vaseline (petrolatum) of 
high boiling point, melt it on a water bath or slow 
fire, and incorporate by constant stil-ring as much 
lamp black (or powdered drop black) as it will take up 
without being granular. If the fat remains in excess, 
the print is liable to have a greasy outline; if the 
color is in excess, the print will not be clear. I am 
unable to give the proportions more definitely, as I 
have not made ink enough for manufacturing pur
poses, but no difficulty will be found in practice. 
Remove the mixture from the fire, and while it is 
cooling mix equal parts of petroleum benzine and 
rectified oil of turpentine,* in which dissolve the 
fatty ink, introduced in small portions, by constant 
agitation. The volatile solvents should be in such 
quantity that the fiuid ink is of the consistence of 
fresh oil paint. One secret of success lies in the 
proper application of the ink to the ribbon. Wind 
the ribbon on a piece of cardboard, spread on a table 

, several layers of newspaper, then unwind the rib
i bon in such lengths as may be most convenient, and 

lay it fiat on the paper. Apply the ink, after agita
tion, by means of a soft brush, and rub it well into 
the interstices of the ribbon with a stiff tooth brush. 
Hardly any ink should remain visible on the surface. 

For blue "record" ink, Prussian blue may be sub
stituted for the lamp black. 

Ribbons Charged with Aniline C olors.-Take about 
three ounces of water, dissolve in it about a quarter 
of an ounce of transparent glycerine soap in fine 
shavings, add one ounce of glycerine, heat the mix
ture to about 120° F., remove from the fire, and add 
one-half ounce of the desired aniline color, with con
stant agitation. This ink can be painted on the rib
bon with a soft brush, and needs no tooth brush to 
rub it in. Nor need the ribbon be taken from the 
machine in this instance, but the ink can be ap
plied as the ribbon is wound from one spool to the 
other. If applied hot, it will dry quickly enough on 
the ribbon. All inks containing glycerine are more or 
less hygroscopic, and the ingredients may have to be 
varied 80mewhat in quantity, according to the season. 
For instance, in stove-heated rooms in winter, the air 
is generally so dry that less soap will be required, 
while in summer more soap may be needed to give 
the ink sufficient body. 

I 
In conclusion, I beg to remark that I do not claim 

that the processes here given furnish the best results, 
but they are superior to any I have seen recommended 

. elsewhere. If any of your readers can suggest any
• thing better, I should be happy to try again and let 
! you know the result.-Isidor F'u1'St, in Amer. Druggist. 

...... 

A Labor Paper on Intimidation. 

Any man who leaves his employ on account of in
Fig. 2.-SECTIOlf OF A SHAFT SUlfK Ilf WATERY EARTH. sufficient wages or other cause, and attempts to pre-

vent another workman from performing the duti<!s 
only it is well to put in the timbering pretty rapidly, in that he refuses to perform, is infinitely more outside 
measure as the work proceeds, so as to prevent a strain the pale of toleration than the armed Ku Klux that 
on the wall of ice. The timber used must be very dry, sought to intimidate white and black Republicans at 
for the freezing of the water contained in the shaft the South from casting a free ballot. The American 
would cause damp wood to fiy into splinters. people will not for any great period submit to the mob 

The Pcetsch method has already been appUed in violence that is disgracing our civilization. And any 
several instances in Germany, and these applications person or organization that contributes to the support 
have given results that are generally satisfactory, and of such strikers is just as bad as the law breakers 
have shown how valuable it is for excavating through themselves.- Waltham Tribune. 
shifting earth, or earth without consistency. In the I *Benzine alone
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most recent application, which was made at the mixture of tbe tw o bas answered best In my hands. 
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